Abstract: Orthotopic liver transplantation (OLT) is the only proven effective treatment for both end-stage and metabolic liver diseases. Hepatocyte transplantation is a promising alternative for OLT, but the lack of available donor livers has hampered its clinical application. Hepatocyte-like cells (HLCs) differentiated from many multi-potential stem cells can help repair damaged liver tissue. Yet almost suitable cells currently identified for human use are difficult to harvest and involve invasive procedures. Recently, a novel mesenchymal stem cell derived from human menstrual blood (MenSC) has been discovered and obtained easily and repeatedly. In this study, we examined whether the MenSCs are able to differentiate into functional HLCs in vitro. After three weeks of incubation in hepatogenic differentiation medium containing hepatocyte growth factor (HGF), fibroblast growth factor-4 (FGF-4), and oncostain M (OSM), cuboidal HLCs were observed, and cells also expressed hepatocyte-specific marker genes including albumin (ALB), α-fetoprotein (AFP), cytokeratin 18/19 (CK18/19), and cytochrome P450 1A1/3A4 (CYP1A1/3A4). Differentiated cells further demonstrated in vitro mature hepatocyte functions such as urea synthesis, glycogen storage, and indocyanine green (ICG) uptake. After intrasplenic transplantation into mice with 2/3 partial hepatectomy, the MenSC-derived HLCs were detected in recipient livers and expressed human ALB protein. We also showed that MenSC-derived HLC transplantation could restore the serum ALB level and significantly suppressed transaminase activity of liver injury animals. In conclusion, MenSCs may serve as an ideal, easily accessible source of material for tissue engineering and cell therapy of liver tissues.
Introduction
Orthotopic liver transplantation (OLT) represents the only reliable treatment for acute liver failure (ALF), liver failure associated with end-stage chronic liver diseases (CLDs) and non-metastatic liver cancer (Peleman et al., 1987) . However, the shortage of suitable donor organs, high cost, and the requirement for immunosuppression largely restrict its application. Hepatocyte transplantation is a promising alternative for OLT in the treatment of both end-stage and metabolic liver diseases, because it is less invasive than the whole organ transplantation and can be performed repeatedly (Fox and Chowdhury, 2004) . Recently, hepatocyte transplantation has been reported to improve metabolic abnormalities present in the animal models of Wilson's disease, Crigler-Nijjar syndrome type I, and hereditary tyrosinaemia type 1 and lowered serum cholesterol levels in a rabbit model of homozygous familial hyper-cholesterolemia (Overturf et al., 1996; Gunsalus et al., 1997; Park et al., 2006) . Furthermore, promising results have been also demonstrated from hepatocyte transplantation in human diseases including glycogen storage disease type 1a, Crigler-Najjar syndrome type I, argininosuccinate lyase deficiency, and inherited factor VII deficiency (Fox et al., 1998; Muraca et al., 2002; Dhawan et al., 2004; Stephenne et al., 2006) . However, only less than 100 hepatocyte transplantation cases have been reported in humans up to date. The major reasons for this discrepancy are the success of OLT and shortage of available human hepatocytes. Therefore, it is critical to find easily available cell sources equivalent to primary hepatocytes for hepatocyte-like cell (HLC) transplantation.
Stem cells have been a focus of regenerative medicine for their multi-potential differentiation ability. It is attractive to develop stem-cell-based therapy or transplanting hepatocytes generated in vitro from stem cells for treatment of liver diseases. Many types of stem cells from different sources have been investigated for hepatic differentiation ability (Yamamoto et al., 2003; Banas et al., 2007; Chen et al., 2012) . In addition, the in vivo transplantation of stem cell-derived HLCs improved liver functions of animal models undergoing liver damage (Yamamoto et al., 2003; Chen et al., 2012) . Embryonic stem cells have enormous differentiation ability, but many limitations including teratoma formation after transplantation, immunogenicity and ethical issues are arresting their clinical application (Lin et al., 2011) . Adult human stem cells are considered as promising candidates for cell therapy, overcoming ethical concerns and risks of rejection. Mesenchymal stem cells (MSCs) obtained from human bone marrow (BM), adipose tissue (AT), placenta, and umbilical cord blood (UCB) have been reported to differentiate in vitro into a variety of lineages, such as osteoblasts, adipocytes, chondrocytes, myoblasts and cardiomyocytes, neural cells, depending on the microenvironment in which they reside (Pittenger et al., 1999) . Although MSCs from BW, UCB, and AT have been induced into a hepatic lineage, the question of whether these cells are the best sources for liver regeneration remains (Bieback et al., 2004; Banas et al., 2007; Chen et al., 2012) .
Previous studies suggested that endometrium contains an MSC-like population (Schwab and Gargett, 2007) . Menstrual blood-derived mesenchymal stem cells (MenSCs) possess stem cell-like characteristics, such as self-renewal, high proliferative potential, and a pluripotent differentiation ability in vitro (Meng et al., 2007) . MenSCs have been widely used in regenerative medicine research. Recent studies have shown that MenSCs are able to differentiate into cardiocytes with the functions of beating spontaneously after induction and decreasing the myocardial infarction area in a rat model (Hida et al., 2008; Ikegami et al., 2010) . MenSCs transferred dystrophin into dystrophied myocytes through cell fusion and transdifferentiation in vitro and in vivo Toyoda et al., 2007) . Furthermore, stem cells isolated from endometrium have been proven to be an excellent cell source for treating experimental disease models, such as critical limb ischemia, stroke, type I diabetes mellitus, Parkinson's disease, and other neurodegenerative disorders (Murphy et al., 2008; Borlongan et al., 2010; Li H.Y. et al., 2010; Sanberg et al., 2011; Santamaria et al., 2011) . These results indicated that MenSCs could be served as "seeder cells" regenerative medicine including treatment of liver diseases. We hypothesized that MSCs obtained from menstrual blood are able to differentiate into functional HLCs in vitro which can restore liver functions for liver injured animals.
Materials and methods

Ethics statement
This project was approved by the Ethics Committee of the First Affiliated Hospital, School of Medicine, Zhejiang University, China. Written informed consent was provided by donors. All the animal experiments were performed under the National Institutes of Health (NIH) Guide for the Care and Use of Laboratory Animals. All animal experiments were in accordance with legal regulations, including approval by the Animal Care and Use Committee of Zhejiang University, China.
Menstrual blood-derived stem cells isolation and culture
Human MenSCs were isolated from the menstrual blood of normal donors using a Divacup (S-Evans Biosciences, China) during the first day of menstruation as previously described by Meng et al. (2007) . Briefly, mononuclear cells were separated by Ficoll-Paque (1.077 g/ml; Fisher Scientific, NH) density-gradient centrifugation according to the manufacturer's instructions. The purified mononuclear cells were allowed to attach in the endometrial/ menstrual stem cell culture medium (S-Evans Biosciences, China) overnight at 37 °C in 5% CO 2 . On Day 3, non-adherent cells were removed by washing with phosphate-buffered saline (PBS) while adherent cells were cultured until they reached 80%-90% confluence. Cells were trypsinized, subcultured, and used for experiments during passages 4 to 7.
Flow cytometry analysis
Surface marker expression levels of cultured MenSCs were analyzed using a flowcytometer (FC500MCL, Beckman Coulter, Fullerton, CA). The 2nd passage of MenSCs (1×10 5 cells) was incubated with direct phycoerythrin (PE)-conjugated monoclonal antibodies against CD29, CD34, CD45, CD73, CD90, CD105, and human leukocyte antigen (HLA)-DR (all purchased from eBioscience, San Diego, CA) for 1 h in the dark at 4 °C, followed by washing and resuspension in PBS. Immunoglobulin isotype (eBioscience, San Diego, CA) incubation was performed as a negative control. Data were analyzed using FlowJo Version 6.1 (Treestar, Ashland, OR).
Multi-lineage differentiation assays
To induce osteogenic differentiation, MenSCs were cultured in a commercially available osteogenesis differentiation medium (GIBCO, CA). On Day 21, calcium deposits were visualized by alizarin red S stain analysis. To induce adipogenic differentiation, MenSCs were cultured in a commercially available adipogenesis differentiation medium (GIB-CO, CA). On Day 14, cells were stained with oil red O. To induce chondrogenic differentiation, MenSCs were cultured in a commercial available chondrogenesis differentiation medium (GIBCO, CA). Chondrogenesis was assessed by alcian blue stain analysis.
Hepatogenic differentiation
To induce hepatogenic differentiation, the 4th to 7th passages of MenSCs at 1.5×10 5 /cm 2 were cultured in a hepatogenesis differentiation medium for three weeks with medium changes twice weekly. Hepatogenesis differentiation medium consists of Iscove's Modified Dulbecco's Medium (IMDM; GIBCO, CA) supplemented with 20 ng/ml hepatocyte growth factor (HGF), 10 ng/ml fibroblast growth factor-4 (FGF-4), 10 ng/ml oncostain M (OSM) (Peprotech, UK), 40 μg/L dexamethasone (DEX; Sigma-Aldrich, MO), and 1× ITS+ Premix (BD Biosciences, CA). Hepatogenic differentiation was identified by cell morphology, reverse transcription polymerase chain reaction (RT-PCR) analysis, and in vitro biochemical functions. All were performed together with undifferentiated MenSCs.
Total RNA isolation and RT-PCR
RNA was isolated from MenSCs, differentiating cells, or differentiated cells using Trizol reagent (Invitrogen, CA) according to the manufacturer's instruction. Total RNA (1.0 μg) was reverse transcribed to complementary DNA (cDNA) using the SuperScript II Reverse Transcriptase (Invitrogen, Carlsbad, CA). cDNA was amplified using a Gene Amp PCR 9600 (PerkinElmer, Norwalk, CT) at 95 °C for 45 s, 56 °C for 60 s, and 72 °C for 45 s for 30 cycles, after initial denaturation at 95 °C for 3 min. Primers used are listed in Table 1 .
Immunocytochemistry
Cells were fixed with 4% paraformaldehyde for 10 min, and permeablized in 0.1% Triton X-100 (Sigma-Aldrich, MO) for 10 min. After blocking in 5% bovine serum albumin (BSA) solution, slides or dishes were incubated with primary antibodies against albumin (ALB), α-fetoprotein (AFP; Dako, Glostrup, Denmark), or human fumarylacetoacetate hydrolase (Fah; AbboMax, CA) at 4 °C overnight. Biotinylated secondary antibody was added and chromogenic reaction visualized using a DAB Horseradish Peroxidase Color Development Kit (Beyotime, China). Cells were counterstained with hematoxylin and examined using a phase contrast microscope.
Urea assay
The urea concentrations in the supernatants of the induction medium were measured using the Quantichrom Urea Assay Kit (Bioassay Systems, Brussels, Belgium) according to the manufacturer's instruction. Fresh culture medium supplemented with 6 mmol/L NH 4 Cl was used as negative control.
Periodic acid-schiff (PAS) staining for glycogen
Differentiated cells were fixed with 4% formaldehyde for 10 min, and permeabilized with 0.1% Triton X-100 for 10 min. The samples were then oxidized in 1% periodic acid for 5 min, rinsed three times in de-ionized H 2 O (dH 2 O), treated with Schiff's reagent (Sigma-Aldrich, MO) for 20 min in the dark, and rinsed in dH 2 O for 5 min. Finally, they were visualized under a light microscope.
Indocyanine green (ICG) uptake assay
Hepatogenesis differentiation medium was replaced with IMDM medium containing 1 mg/ml ICG (Aladdin, Shanghai, China). After incubation at 37 °C for 15 min, cells were rinsed three times with PBS and ICG uptake was measured using an inverted microscope. Dishes were refilled with endometrial/ menstrual stem cell culture medium for 6 h and color changes were examined again.
Construction of liver injury mouse model with 2/3 partial hepatectomy (PH) and hepatocytelike cell (HLC) transplantation
All animals were kept at 23-25 °C with a 12-h light/dark cycle and allowed standard chow and water until the time of the study. An acute liver injury mouse model with 2/3 PH was constructed as previously described (Mitchell and Willenbring, 2008) . Twenty-five 3-4 weeks old male BALB/c mice were divided into the transplantation group (PH+HLC, 10 mice), the only PH group (PH, 10 mice), and the sham surgery group (Sham, 5 mice). MenSC-derived HLCs were trypsined into aliquots of 1.5×10 6 cells in 150 μl PBS for each animal and stored on ice until transplantation. HLCs were intrasplenically transplanted using a sterile syringe and needle immediately after PH. On Day 14, serum samples were collected and liver functional indicators such as ALB, alanine transaminase (ALT), and aspartate aminotransferase (AST) of the three groups were analyzed by an automatic biochemical analyzer (SHIMADZU, Japan). The livers were excised and fixed with 10% formaldehyde and embedded in paraffin for further study.
Statistical analysis
Data are expressed as mean±standard deviation (SD). The difference between groups was determined using Student's t-test. P<0.05 was considered statistically significant. Fig. 1a shows that isolated cells from menstrual blood had a typical spindle shape, consistent with the morphology reported by others Meng et al., 2007; Toyoda et al., 2007; Allickson and Xiang, 2012) . The doubling time of the cultured cells was approximate 24 h. Clusters formed in the course of primary culturing and vortex-like cells appeared at 90% confluence in subcultures. These menstrual blood-derived cells were positive for MSC markers including CD29, CD73, CD90, and CD105 but were negative for hematopoietic stem cell markers such as CD34 and CD45, as well as the immune activation marker HLA-DR (Fig. 1b) . Under the osteogenic, adipogenic, or chondrogenic condition, MenSCs could differentiate into osteocytes, adipocytes, or chondrocytes in vitro, respectively (Fig. 1c) . These results indicated that the cells used in this study exhibited the classic MSC phenotype and multipotential stem cell characteristics.
Results
Isolation and characterization of MenSCs
In vitro hepatogenic differentiation of MenSCs
To examine the hepatogenic differentiation ability in vitro, MenSCs were cultured in a specific hepatogenesis differentiation medium containing HGF, FGF-4, and OSM. Cell morphology was monitored every 2-3 d using a phase-contrast microscope. During the differentiation procedure, cells gradually changed from spindle, bipolar, fibroblastlike cells to round or polygonal epithelioid cells (Fig.  2a) . On Day 21, almost all induced cells showed epithelioid and cuboidal shapes, similar to primary human hepatocytes. Cells cultured in a medium without conditioned factors were set as control and showed no HLC morphology.
Cells on Days 10 and 20 post-induction were harvested for gene expression analysis. Hepatocytespecific marker genes including ALB, AFP, CK18, CK19, CYP1A1, and CYP3A4 (Table 1) were evaluated by RT-PCR analysis. ALB, CK19, and CYP3A4 were expressed after 10 d of induction, and AFP was expressed after an additional 10 d (Fig. 2b) . Undifferentiated cells showed no hepatocyte-specific gene expression except for CK18 and CYP1A1, which is consistent with previous studies (Lee et al., 2004; Chen et al., 2012) .
In the next experiments, we tested whether MenSCs expressed hepatocyte-specific proteins after hepatogenic differentiation. Fig. 2c shows the MenSCderived HLCs were positively stained for hepatocytespecific markers such as ALB, AFP, and Fah. Undifferentiated cells were not stained positively for all these three markers.
Functional characterization of the MenSCderived HLCs
To assess the functional status of the human MenSCs-derived HLCs, we firstly examined their metabolic capacity-related protein cytochrome P450 (CYP450) enzyme expression using the immunocytochemistry method. As shown in Fig. 3a (Page 969) , the MenSC-derived HLCs were positively stained for both of the most important enzyme isoforms, CYP3A4 and CYP1A1. Our results indicated that the differentiated cells expressed CYP450 enzyme and might have biological activity similar to primary human hepatocytes.
To further characterize the glycogen storage function of MenSC-derived HLCs, the presence of stored glycogen was determined using the PAS staining method. After hepatogenic induction for 3 weeks, glycogen was stained magenta and could be found in the differentiated cells, while no positive staining was observed in the undifferentiated cells (Fig. 3b) . The ICG uptake assay, which also indicates the mature hepatocytes, was also used to examine the in vitro generated HLCs. As shown in Fig. 3c , most differentiated cells were positive for ICG after 15 min incubation (left panel). Six hours after refilling plates with endometrial/menstrual stem cell culture medium, ICG taken up by the differentiated cells was partially released (right panel). Undifferentiated cells were used as a negative control and showed no ICG uptake and release abilities (data not shown). Secretion of urea by the differentiated cells was monitored on Days 0, 3, 6, 9, 12, 15, 18, 21, and 24. Urea production was detectable on Day 3 and increased gradually during the hepatogenic differentiation (Fig. 3d) .
Transplantation of MenSC-derived HLCs into mice with 2/3 PH
To assess the therapeutic potential of our generated HLCs derived from MenSCs, an acute liver injury mouse model with 2/3 PH was used. We transplanted 1.5×10
6 MenSC-derived HLCs directly into the splenic pulp of PH mice. We firstly examined whether the transplanted cells were engrafted into liver parenchyma of the recipients. Antibodies against human-specific mitochondria and albumin were used Fig. 4a; Page 969 ). To further assess the effect of MenSC-derived HLC transplantation on the liver function of PH mice, serum levels of ALB, ALT, and AST were evaluated. As shown in Fig. 4b , the ALB levels of the PH+HLC group were higher than that of the only PH group, while the ALT and AST levels of the PH+HLC group were significantly lower than those of the only PH group. Although the liver function of the PH+HLC group was worse than that of the Sham group, our results indicated that MenSCderived HLC transplantation could significantly improve liver function after traumatic liver injury.
Discussion
Most patients with end-stage liver diseases have no matched liver for transplantation. Hepatocyte transplantation might become more feasible, efficient and safe than whole organ transplantation to treat these patients. However, the shortage of matched primary hepatocytes and the difficulty of maintenance of hepatocyte functions in vitro largely hampered its clinical applications. Generation of functional hepatocytes from stem cells might overcome the limitations that hepatocyte transplantation faced and hold considerable promise for future clinical practices. The hepatogenic potential of stem cells from different sources has been reported previously (Yamamoto et al., 2003; Banas et al., 2007; Chen et al., 2012) . Stem cells from an embryo face the hurdles of teratoma formation and the ethical and/or moral issues of the creation, usage and destruction of a human embryo (Lin et al., 2011; Allickson and Xiang, 2012) . Another type of stem cells, named adult or somatic stem cells, has a controlled behavior and holds great promise for cell therapy and regenerative medicine Lin et al., 2011; Allickson and Xiang, 2012) . Adult stem cells harvested from BW, AT, and UCB have shown multi-potent capacity and can be induced to differentiate into functional hepatocytes (Banas et al., 2007; Chen et al., 2012; Yu et al., 2012) . However, BW-and AT-derived stem cells cannot be easily obtained by practical, cost-effective methods while obtaining UCB stem cells is limited to the time of birth . Endometrial tissue is a prolific source of stem cells that reoccur monthly . Many studies have demonstrated that endometrial stem cells can be harvested from menstrual blood by a non-invasive method Borlongan et al., 2010; Phuc et al., 2011; Allickson and Xiang, 2012) . Consistent with previous reports, the MenSCs used in our study expressed classic MSC markers (CD29, CD73, CD90, and CD105) but did not express hematopoietic stem cell markers (CD34 and CD45) and immune activation markers (HLA-DR) Borlongan et al., 2010; Phuc et al., 2011; Allickson and Xiang, 2012) . As mentioned by , the MenSCs are also positive for both Oct-4 and SSEA-4 markers expressed by human embryonic stem cells, which may explain their rapid expansion and multi-potent capability in this study . Meng et al. (2007) have obtained stem cells from menstrual blood and induced the cells to differentiate into 9 different cell lineages. Although positively stained for hepatocyte-specific marker albumin, the generated HLCs in Meng et al. (2007) were not further validated for their function in vitro and in vivo. In the present study, we tested whether the MenSCs could differentiate into functional hepatocytes in vitro and examined their treatment effect in vivo.
Strategies for transdifferentiation of stem cells into hepatocytes include induction by cocktails of cytokines, stimulation by chemicals, co-culture with primary liver cells or conditioned hepatocyte culture medium, and in vivo transplantation (Banas et al., 2007) . Induction systems using differentiation condition mediums containing cytokines and growth factors have been widely studied (Lee et al., 2004; Banas et al., 2007; Chen et al., 2012) . These systems do not require co-culture and avoid undesired cell-cell interactions. HGF, epidermal growth factor (EGF), FGF, and OSM have been shown to possess a potent effect on hepatic growth and differentiation in vitro. However, it is still not clear which of those stem cells would be the best source for hepatocyte generation or which would be the best protocol. BW-MSCs cultured with FGF-4 and HGF on Matrigel can differentiate into cells expressing several liver-specific markers and had functional characteristics of hepatocyte such as albumin and urea secretion and CYP450 activity (Schwartz et al., 2002) . Other researchers achieved functional hepatocytes derived from BM-MSCs using sequential treatment with factors (Lee et al., 2004; Snykers et al., 2006; Li J. et al., 2010) . These cells also had the characteristics of HLCs including albumin and urea secretion, glycogen storage, low-density lipoprotein (LDL) uptake, and CYP activity. As well as hematopoietic stem cells (HSCs), UCB-MSCs contain stem cells with the properties of MSCs. It has been reported that after treatment with HGF, DEX, and OSM, UCB-MSCs differentiate into HLCs (Lee et al., 2004) . AT-MSCs are an attractive source of MSCs for stem cell-based therapy. The ability of AT-MSCs to differentiate into HLCs was first observed by Seo et al. (2005) . Banas et al. (2007) reported hepatogenic differentiation of AT-MSCs from CD105 + AT-MSCs. Other MSCs from amniotic fluid and placenta have been also reported to differentiate into functional HLCs (Chien et al., 2006; de Coppi et al., 2007) . In this study, MenSCs were induced to differentiate into heoatocytes with a cocktail of HGF, FGF-4, and OSM (Chen et al., 2007; Li J. et al., 2010) . We demonstrated the ability of MenSCs to undergo hepatogenic differentiation, resulting in the achievement of functional and transplantable hepatocytes with high differentiation efficiency. The differentiated hepatocytes derived from MenSCs not only displayed HLC morphology and expressed hepatic cell markers, but also possessed mature hepatocyte-specific functions. In addition, the MenSC-derived hepatocytes expressed CYP1A1 and CYP3A4 enzymes, which are involved in drug, xenobiotic metabolism, and sterol and bile acid synthesis (Banas et al., 2007) . Therefore, our findings also suggest that the MenSC-derived hepatocytes might be useful for in vitro preclinical drug investigations.
Liver injury is the most common cause of death associated with abdominal trauma (Chen et al., 2012) . The 2/3 PH represents the most commonly used model for the study of liver regeneration after traumatic liver injury (Mitchell and Willenbring, 2008) . We transplanted the in vitro generated hepatocytes into liver injury mice with 2/3 PH and observed direct incorporation into the liver, which was confirmed by human mitochondria and albumin immunostaining. Excitingly, the intrasplenic transplantation of MenSC-derived HLCs restored serum albumin level and significantly suppressed transaminase activity of liver injury animals, indicating that these in vitro generated hepatocytes might be useful for treatment of end-stage liver injury. Fah −/− mice defective in tyrosine metabolism require 2-(2-nitro-4-trifluoromethylbenzyol)-1,3-cyclohexanedione (NTBC) supply for survival. After removing NTBC from the drinking water (NTBC-off), Fah −/− mice undergo liver failure and death (Huang et al., 2011) . Fah −/− mice undergoing liver failure can be rescued by transplantation of wild-type primary hepatocytes and represent a useful tool to study in vivo repopulation and functions of MenSC-derived hepatocytes. In the present study, MenSC-derived hepatocytes were transplanted directly into the splenic pulp of Fah −/− mice. Three weeks after transplantation, the MenSC-derived hepatocytes were detected in the liver parenchyma by immunofluorescent methods (Fig. 5a ). Incorporated cells were co-stained with 4′,6-diamidino-2-phenylindole (DAPI), indicating the injected cells remained as whole cells within the recipient livers (Fig. 5a, lower panel) . Huang et al. (2011) have reported that the Fah −/− mice without transplantation were dead within 6.5 weeks after NTBC-off. Although we did not get sufficient Fah −/− mice to determine whether MenSC-derived hepatocytes could restore the liver function of recipients, the mice that received hepatocyte transplantation were alive 9 weeks after NTBC-off and showed increased body weight until scarification (data not shown). It has been shown that hepatocytes have the ability to replicate and contribute to the regeneration of the liver (Chen et al., 2012) . We showed that the transplanted MenSC-derived hepatocytes had a long life span and continuously expressed hepatocyte-specific proteins including ALB and Fah in vivo (Figs. 4a and 5b) , resulting in liver function restoration. Homing of the MenSC-derived hepatocytes to injured liver tissue was showed in this study, but the mechanism of attrition remains unknown. The chemokine stromal cell-derived factor-1 (SDF-1) has been found to be expressed by injured liver tissues and its receptor CXCR4 is expressed by MenSCs . Whether the SDF-1/CXCR4 pathway or other −/− mice. Frozen sections were made and DiI-labeled HLCs were detected in the recipient liver 3 weeks after transplantation. Immunofluorescent analysis with monoclonal antibody against human mitochondria also confirmed that transplanted HLCs integrated into the liver parenchyma. (b) Engrafted MenSC-derived HLCs expressed human Fah protein accumulating in nodules and cord in the liver parenchyma at 3 and 9 weeks after transplantation. Human liver sections and mouse liver sections were used as positive and negative controls, respectively. Scale bar 50 μm migration related pathways are involved in the homing of MenSC-derived hepatocyte should be addressed in further studies.
Tumors were not found in the MenSC-derived hepatocyte transplanted mice in the present study. Allickson et al. (2011) assessed the safety of cell infusion in Harlan Sprague Dawley mice and Dunkin Hartley Albino guinea pigs. Moreover, MenSCs did not form tumors two months after subcutaneous xenograft in nude mice in our preliminary study (data not shown). These results indicate that hepatocytes differentiated from MenSCs are safe for in vivo transplantation. Another topic of interest requiring consideration is the correlation between factors such as donor age, cancer record, liver function, and the hepatogenic differentiation potential of MenSC from different females.
In summary, we have presented in vitro generation of functional and transplantable hepatocytes from MenSCs. We believe that using the MenSC-derived HLCs as a source of hepatocytes could help the development of alternative methods for treating end-stage liver diseases and toxicity screening assays for drug discovery.
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